The comparative genetic approach has provided great (also known as BMAL1) in mice results in immediate insight into the workings of the circadian clock and its and complete loss of circadian rhythmicity in constant transcriptional feedback loop. Similar to mice, the circadarkness. Additionally, locomotor activity in light-dark dian oscillator of Drosophila employs a heterodimer of (LD) cycles is impaired and activity levels are reduced dancy, additional regulatory complexities, or of paralo-
Brdm mice exhibit a shorter rhythm in constant darkness that eventually natively, it is possible that these two proteins exert differential regulation on the circadian feedback mechabecomes arrhythmic; whereas, the Per3 null mice maintain a circadian rhythm in constant darkness, but that nism, or that either one or both of these two proteins plays no role in mammalian circadian biology. rhythm is slightly shorter than wild type. The only known mammalian homolog of Drosophila tim appears to be required in mammalian development and may not play Results a significant role in circadian biology (Gotter et al., 2000) . Finally, the tau mutation in hamsters is encoded by caLoss of MOP3 Results in Arrhythmic Behavior under Free-Running Conditions sein kinase 1 epsilon, a homolog of the Drosophila circadian gene, dbt Lowrey et al., 2000) .
In an effort to understand the role of these two putative CYCLE homologs in murine circadian rhythmicity, we Unlike mutants of the core Drosophila clock components, no single-gene mutation in mice results in comgenerated and characterized a null allele at the mMop3 locus. A targeted disruption of mMop3 was generated plete abolition of circadian rhythms.
Multiple mammalian homologs of CLOCK and CYCLE in GS-1 embryonic stem cells by replacing the helixloop-helix domain within exon 4 and all of exon 5 with also exist. The mammalian genome encodes the originally identified CLOCK protein and a close homolog a neomycin-resistance (Neo) gene cassette ( Figure 1A) . No lethality was associated with the targeted mMop3 known as NPAS2 (also known as MOP4), as well as two
The predicted protein sequence shown in Figure 1E truncates 15 amino acids following the splice site between exon 3 and the NeoR cassette. This mutant protein product contains no known functional domains as it truncates prior to the inclusion of the basic region in exon 4, and thus is unlikely to form a functional protein. This analysis and the lack of any phenotype in the Mop3 ϩ/Ϫ mice (see below) argue strongly that our targeting strategy generated a null allele at mMop3.
We hypothesized that if Mop3 and Mop9 were not functionally redundant in the circadian system, then a null mutation at the Mop3 locus would significantly affect the circadian system in mice. Therefore, we examined the wheel-running activity of wild-type, Mop3 ϩ/Ϫ , and Mop3 Ϫ/Ϫ mice by entraining the animals to a schedule of 12 hr light-12 hr dark (LD 12:12) for 14 days and then transferring them to constant darkness (DD). In (Table 1) . Moreover, a 6 hr pressed at low levels compared to the wild-type mMop3 light pulse administered on the 22 nd day in constant mRNA ( Figure 1D ). To ensure no significant protein could darkness had no significant effect on locomotor behavbe expressed from the targeted Mop3 allele, we used ior in Mop3 Ϫ/Ϫ mice and did not lead to phase shifts or three sets of RT-PCR primers to amplify the predominant obvious suppression of activity, as was observed in transcript from total brain RNA. We observed that the wild-type mice ( Figures 2C and 2D ). major transcript from the targeted allele uses cryptic splice acceptor and donor sites within the Neo cassette.
The FFT analyses revealed residual, low-amplitude Figures 3E and 3J ). Peak expression of mPer1 occurred at 66 hr in constant darkness, which unexpected effect on activity in the presence of a light cycle ( Figure 2C ). Upon examination of wheel running corresponds to ‫ف‬CT6 (Figures 3A and 3B) . Peak expression of mPer2 in wild-type animals occurred at 70 hr in activity in light-dark cycles, all wild-type and Mop3 ϩ/Ϫ mice began wheel-running within 0.5 hr of lights-off. In constant darkness, or ‫ف‬CT10 (Figures 3F and 3G) . In contrast, expression levels of both mPer1 and mPer2 contrast, in Mop3 Ϫ/Ϫ mice, the phase of activity onset was highly variable with respect to lights-off (Figures were not rhythmic and were near baseline levels in Mop3 Ϫ/Ϫ mice ( Figures 3C-3E and 3H-3J ). The ex-2C and 2D; Table 1 In addition to the effects of the Mop3 Ϫ/Ϫ mutation expression in both the SCN and the periphery of Mop3 Ϫ/Ϫ mice demonstrates that MOP3 is essential for the generon circadian rhythmicity, the Mop3 mutant mice also displayed lower average levels of wheel-running activity ation of circadian rhythms at the molecular level in the central pacemaker as well as in peripheral oscillators. as compared to wild-type mice both in a light cycle and in constant darkness (Table 1) 
